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A. Sequence of synthetic peptides: B. Animal survival (%):
{(6-mer offsite by 3) (*, P<0.05)
Control (saline) 50% (N=30) \
PB-8 —m—m—- 80% (N=10) [~
P8§-7 —————- 75% (N=20) J
PB-6 —mm——- 70% (N=20) .

(MuSAAl) P8 KEANWKNSDKYFHARGNY §

STEPATRTIRINIRY g

(Husaa) pg REANYIGSDKYFHARGHNY
P8~-1  m==—-- 50% {pe=Z20} -

o I S— 45% (N=20) .

P8~-3  em———- 50% (N=10}

P8-4 - 70% (N=10)

P8-5 —-=--- 75% (N=20) Y

Fig. 8
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SAA DOMAIN-SPECIFIC ANTIBODIES AND
PEPTIDE ANTAGONISTS AND USE
THEREOF TO TREAT INFLAMMATORY
DISEASES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of U.S. Provisional Appli-
cation No. 61/846,749, filed Jul. 16, 2013, the contents of
which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Throughout this application various publications are
referred to in parentheses. Full citations for these references
may be found at the end of the specification immediately
preceding the claims. The disclosures of these publications,
and of all books, patents and patent application publications
referred to herein, are hereby incorporated by reference in
their entireties into the subject application to more fully
describe the art to which the subject application pertains.

Bacterial infection and sepsis are the most common
causes of death in the intensive care unit, annually claiming
>225,000 victims in the U.S. alone. The pathogenesis of
sepsis remains poorly understood, but is attributable to
dysregulated systemic inflammation partly mediated by
macrophages/monocytes (1,2). Macrophages/monocytes are
equipped with pattern recognition receptors [PRRs, such as
the Toll-like receptors (TLRs), TLR2, TLR4, and TLR9]
(3-5), and can bind various pathogen-associated molecular
patterns (PAMPs, such as bacterial peptidoglycan, endo-
toxin, and CpG-DNA) (6-9). Consequently, these innate
immune cells release a wide array of early proinflammatory
cytokines such as TNF, IL-1 and IFN-y 10-13. Excessive
release of early cytokines contributes to the pathogenesis of
LSI 12, 14-16. However, the therapeutic windows for these
early mediators are relatively narrow (FIG. 1), prompting
the search for other “late” proinflammatory mediators that
may offer better therapeutic opportunities.

A decade ago, this laboratory made the seminal finding
that high mobility group box-1 (HMGB1) was released from
macrophages or monocytes in response to exogenous
PAMPs (e.g., endotoxin or CpG-DNA) (17,18) or endog-
enous cytokines (e.g., TNF or IFN-y) (17,19). Upon binding
to the receptor for advanced glycation end products
(RAGE), TLR2 or TLR4 (20-22), HMGB 1 induces the
expression of various cytokines, chemokines, and adhesion
molecules  (20,21,23-29). Consequently, extracellular
HMGBI functions as an alarmin signal to alert, recruit and
activate innate immune cells (30-34), thereby sustaining
rigorous and potentially injurious LSI. During endotoxemia
or sepsis (induced by cecal ligation and puncture, CLP),
circulating HMGB1 increased to plateau levels between
24-36 h (FIG. 1) (17,35). This late appearance precedes the
onset of animal lethality, and distinguishes HMGB1 from
TNF and other early cytokines (36). The pathogenic role of
HMGBI1 was inferred from the observations that HMGBI1-
neutralizing antibodies (17,35,37) and inhibitors (e.g., tan-
shinones, ethyl pyruvate, nicotine, stearoyl lysophosphati-
dylcholine, epigallocatechin-3-gallate, nicotine, choline,
GTS-21, and spermine) (17,38,39,39-47) confer protection
against lethal endotoxemia and sepsis, even when the first
dose of antidote was given 24 h after CLP—a time point
when mice had developed clear signs of sepsis, including
lethargy, diarrhea, and piloerection. Conversely, administra-
tion of exogenous HMGBI1 to mice recapitulated many
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clinical manifestations of sepsis, including fever 48,
derangement of intestinal barrier function 49, and tissue
injury (50-53). Collectively, these data establish HMGBI1 as
a critical “late” mediator of sepsis with a wider therapeutic
window (36, 54-56) (FIG. 1).

On one hand, early cytokines TNF and IFN-y can directly
stimulate macrophages or monocytes to release HMGBI1
(17,19), thereby contributing to LPS-induced HMGBI1
release. On the other hand, these early cytokines also alter
the expression of liver-derived APPs, which may then par-
ticipate in the regulation of HMGBI release. For instance,
TNEF, IL-1, IL.-6 57,58 and IFN-y (58) inhibited the hepatic
expression of a negative APP, fetuin-A, which functions as
a negative regulator of HMGB 1 release during cerebral
ischemia (59), endotoxemia and sepsis (58). However, the
possible roles of other positive APPs in the regulation of
HMGBI release have not been identified.

In 1976, serum amyloid A (SAA) was first isolated from
human serum as a 12 kDa protein (60) that shared identical
N-terminal amino acid sequence with the previously char-
acterized 8.5 kDa tissue amyloid A (AA) protein. Subse-
quently, it was found that exogenous endotoxin (61,62) or
endogenous cytokines (e.g., TNF, IL-1p and IFN-y) (63-67)
can all induce SAA expression in both hepatocytes and
extrahepatic cells, such as macrophages/monocytes (68),
endothelial cells, smooth muscle cells, adipocytes (69),
intestinal epithelial cells (70), and neurons (71,72). Conse-
quently, circulating SAA levels are dramatically elevated
(up to 1000-folds) within 16-24 h of endotoxemia as a result
of'the de novo expression of early cytokine inducers and the
subsequent synthesis of SAAs (61,73,74).

Clinically, SAA levels have been regarded as a hallmark/
risk factor of many diseases including atherosclerosis (75),
cardiovascular diseases (76,77), Crohn’s disease, ulcerative
colitis (78), as well as LSI diseases (such as endotoxemia
and sepsis) (79-81). Upon secretion, extracellular SAA acts
as a chemoattractant for inflammatory cells such as macro-
phages/monocytes (82-84), T cells (85) and mast cells (86).
Furthermore, it activates innate immune cells (e.g., macro-
phages, monocytes, neutrophils and mast cells) to produce
various cytokines and chemokines (e.g., TNF, IL-1p, IL-6,
1L-10, GM-CSF, 1L-8, MCP-1, MIP-1q, and MIP-3c) (87-
94). Finally, SAA stimulates non-immune cells to release
other proinflammatory factors such as the group II secretory
phospholipase A2 (sPLLA2, in smooth muscle cells) (95,96)
and prostaglandins (in endothelial cells) (97). However, it is
not known whether SAA occupies an important role in the
regulation of HMGBI1 release, thereby functioning as an
“intermediate” (as opposed to TNF being “early” and
HMGBI1 being “late”) mediators of LSI (FIG. 1).

Extensive studies have revealed distinct functional
domains in SAA that are specifically responsible for: 1)
SAA secretion (i.e., the signal sequence, D1); 2) HDL
binding (D2); 3) cellular adhesion (D3); 4) as-yet-undefined
function (D4); 5) protease cleavage (between residues
76-77); and 6) cell activation (DS5) (FIG. 2). For instance, the
signal sequence directs pro-SAA to the endoplasmic reticu-
lum, and is cleaved prior to extracellular secretion of the
mature SAA (98). The a-helical D2 domain serves as the
driving force for binding to high density lipoprotein (HDL)
(99,100). Within the D2 domain, the first 10-15 residues are
particularly critical for the amyloidosis of SAA (101),
because deletion or mutation in this region impaired amyloid
fibril formation (102,103). The D3 domain contains YIGSD
laminin-related and RGN fibronectin-related motifs, and can
inhibit T cell and platelet adhesion to extracellular matrixes
(104,105). At position 76-77 lies a cleavage site for the
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leukocyte-derived proteases, which break the serine-leucine
bond (106-108) to liberate the 8.5-kDa amyloid A (AA) and
3.5-kDa (D5) fragments. The accumulation of the AA pre-
cipitates the formation of amorphous amyloid fibril depos-
its—amyloidosis in peripheral tissues with progressive loss
of organ function. On the other hand, the 3.5-kDa fragment
may be proinflammatory, because a synthetic peptide cor-
responding to residues 98-104 stimulates human CD4 T cells
to produce IFN-y (109).

The present invention addresses the need for improved
therapies, based on SAA, to combat sepsis and endotoxemia.

SUMMARY OF THE INVENTION

An isolated peptide of 6 to 20 consecutive amino acids is
provided comprising (i) 6 to 18 consecutive amino acids of
SEQ ID NO:1, (ii) 6 to 18 consecutive amino acids of SEQ
1D NO:2, (iii) 6 to 18 consecutive amino acids of SEQ ID
NO:3, or (iv) 6 to 18 consecutive amino acids of SEQ ID
NO:4.

Also provided is a composition comprising an isolated
peptide as described herein and a carrier.

Also provided is a fusion protein comprising an isolated
peptide as described herein bonded via a peptide bond at an
N-terminal thereof or a C-terminal thereof to a second
peptide, polypeptide or protein. An isolated cDNA which
encodes a fusion protein as described herein is provided.

Also provided is an isolated antibody directed to a domain
of SAA, wherein the antibody cross-reacts with isolated
peptide P8 (SEQ ID NO: 2) and/or with isolated peptide P4
(SEQ ID NO:3), or an antigen-binding fragment of such
antibody.

An isolated antibody is provided directed to a domain of
human SAA, wherein the antibody cross-reacts with isolated
peptide P8 (SEQ ID NO:2) or with isolated peptide P4 (SEQ
1D NO:3), or with one of isolated peptides SEQ ID NOS:
14-18, or an antigen-binding fragment of such antibody.

A composition is provided comprising an isolated anti-
body as described herein or antigen-binding fragment of
such antibody as described herein, and a carrier.

A hybridoma which produces an isolated antibody as
described herein is provided. An isolated cDNA which
encodes an isolated antibody as described herein is pro-
vided.

A method is provided of treating or preventing sepsis or
endotoxemia in a subject, comprising administering to the
subject an amount of an isolated peptide as described herein,
the fusion protein as described herein, an antibody or
fragment thereof as described herein, or a composition as
described herein, effective to treat or prevent sepsis or
endotoxemia.

A method is provided of treating or preventing an inflam-
matory condition in a subject, comprising administering to
the subject an amount of an isolated peptide as described
herein, the fusion protein as described herein, an antibody or
fragment thereof as described herein, or a composition as
described herein, effective to treat or prevent an inflamma-
tory condition.

Also provided is a peptide having a biological activity of
a peptide comprising SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8 or SEQ ID NO:9, but not comprising
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8
or SEQ ID NO:9, respectively.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. “Early” versus “late” mediators of lethal systemic
inflammation (LSI).
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FIG. 2. Functional domains of SAA (SEQ ID NO:18).

FIG. 3A-3D. Identification of SAA as an anti-HMGB1
IgG-cross-reacting protein in septic patients. A, Western
blots of serum proteins. Note that anti-HMGB1 IgGs rec-
ognized both the 30 kDa HMGB 1 and a 12 kDa protein
(termed “P12”) in septic patients. B, Mass spectrometry
analysis of P12. C, D, Immunoassays of total SAAs and
multiple other cytokines by ELISA and Cytokine Antibody
Arrays. Note that serum HMGB1 levels positively corre-
lated with SAAs and several sepsis surrogate markers.

FIG. 4A-4C. Human SAA, but not SAAI1, induced
HMGBI release in vitro. A, Amino acid sequence of human
and murine SAAs (SEQ ID NOS:19-23, top to bottom). B,
Western blots of human SAA and SAAl. Note that the
anti-HMGB1 IgGs paradoxically cross-reacted with
huSAA, but not huSAA1. C, HuSAA, but not huSAAIL,
induced HMGBI release. Murine macrophages and human
monocytes were stimulated with huSAA or huSAA1 for 16
h, and extracellular HMGB 1 levels were determined by
Western blots.

FIG. 5A-5C. Epitope mapping of SAA-specific antibodies
using a peptide library. A, Sequence of synthetic SAA
peptides (SEQ ID NO:19). B, Effects of anti-SAA IgGs on
SAA-induced HMGBI1 release. Macrophages were stimu-
lated with SAA in the absence or presence of different (R1,
R2, R3) IgGs, and HMGBI release was assayed by Western
blotting. C, Epitope mapping by dot blot. Note that all rabbit
IgGs capable of protecting against lethal endotoxemia cross-
reacted with P8 peptide.

FIG. 6A-6C. Divergent effects of SAA and SAA-neutral-
izing IgGs on LSI. A, SAA exacerbated LPS-induced animal
lethality. Balb/C mice were given LPS (5 mg/kg, i.p.) either
alone or in combination with SAA (0.8 mg/kg) to determine
their effects on animal survival rates. B, SAA-specific IgGs
protected mice against lethal endotoxemia. Balb/C mice
were given LPS (15 mg/kg) in combination with either
control IgGs (50 mg/kg, R2) or SAA-reacting IgGs (R1 and
R3, 50 mg/kg). C, peptide-specific anti-SAA IgGs rescued
mice from lethal sepsis. Balb/C mice were subjected to
sepsis by CLP, and irrelevant (“control”, 50 mg/kg) or SAA
peptide-specific IgGs (50 mg/kg) were given at +6, +24, and
+48 h post CLP. Shown in the figure is a summary of two
independent experiments with similar results.

FIG. 7. SAA peptide (P4) inhibited SAA-induced HMGB
1 release. P4 peptide corresponded to residues 1-18 that are
critical for HDL binding and amyloidosis.

FIG. 8. Effects of SAA peptides on septic animal survival.
Various peptides (6-mers) corresponding to the P8 peptide
(18-mer) of the human SAA (“HuSAA”) or murine SAA1
(“MuSAA1”) protein were synthesized (AnaSpec Inc.), and
tested for efficacy in animal model of CLP-induced sepsis.
At 420 and +48 h post CLP, mice were administered with
either saline (i.p., 0.2 ml/mouse) or each peptide (30 mg/kg),
and animal survival rates were monitored for two weeks.
Shown in the figure is a summary of 2 independent experi-
ments with similar results. (P8 human SAA—SEQ ID NO:1
REANYIGSDKYFHARGNY, P8 mouse SAA—SEQ ID
NO:2 KEANWKNSDKYFHARGNY, P4 human SAA—
SEQ ID NO:3 RSFFSFLGEAFDGARDMW, SEQ ID NO:4
GFFSFVHEAFQGAGDMWR, P8-8—SEQ ID NO:5 NSD-
KYF, P8-7—SEQ ID NO:6 NWKNSD, P8-6—SEQ ID
NO:7 KEANWK, P8-4-SEQ ID NO:8 KYFHAR, P8-5—
SEQ ID NO:9 HARGNY, P8-1—SEQ ID NO:10 REANYT,
P8-2—SEQ ID NO:11 NYIGSD, P8-3—SEQ ID NO:12
GSDKYF).

FIG. 9. Four fusion proteins were constructed that each
displayed 3 of the 12 peptides (10-mer, sequences shown,
SEQ ID NOS:24-35, top to bottom) on the surface of
insoluble and highly immunogenic molecules. These fusion
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proteins were expressed, purified, and used to immunize
mice to generate hybridomas using standard procedures.
Hybridoma cell culture supernatants were screened for
cross-reactivity with human or murine SAAs, and ability to
inhibit SAA-induced release of nitric oxide or G-CSF in
macrophage cultures. From top to bottom, sequences are
SEQ ID NOS: 18, 19, 20, 13, 14, 21, 16, 17, 22, 23, 15 and
24.

DETAILED DESCRIPTION OF THE
INVENTION

An isolated peptide of 6 to 20 consecutive amino acids is
provided comprising (i) 6 to 18 consecutive amino acids of
SEQ ID NO:1, (ii) 6 to 18 consecutive amino acids of SEQ
1D NO:2, (iii) 6 to 18 consecutive amino acids of SEQ ID
NO:3, or (iv) 6 to 18 consecutive amino acids of SEQ ID
NO:4.

This invention also provides a peptide fragment of SAA
which inhibits SAA-induced HMGBI release in a mammal.
This invention also provides a peptide fragment of SAA
which inhibits sepsis mortality rates in a population of septic
mammals. This invention also provides a peptide fragment
of SAA which treats sepsis mortality in a mammal.

The following peptides, and peptides comprising such, are
provided:

P8 human SAA-

SEQ ID NO: 1
REANYIGSDKYFHARGNY
P8 mouse SAA-
SEQ ID NO: 2
KEANWKNSDKYFHARGNY
P4 human SAA-
SEQ ID NO: 3
RSFFSFLGEAFDGARDMW
SEQ ID NO: 4
GFFSFVHEAFQGAGDMWR
Pg8-8-
SEQ ID NO: 5
NSDKYF
P8-7-
SEQ ID NO: 6
NWKNSD
P8-6-
SEQ ID NO: 7
KEANWK
P8-4-
SEQ ID NO: 8
KYFHAR
P8-5-
SEQ ID NO: 9
HARGNY
P8-1-
SEQ ID NO: 10
REANYI
P8-2-
SEQ ID NO: 11
NYIGSD
P8-3-
SEQ ID NO: 12
GSDKYF .

The fragments provided are isolated peptides not having
the naturally occurring sequence of full length serum amy-
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loid A. Moreover, given the different domain functions of
serum amyloid A, as described herein, the peptides com-
prising less than all the domains described clearly have
different characteristics to the naturally-occurring SAA pro-
tein (a 12 KDa protein).

In an embodiment, the isolated peptide comprises SEQ ID
NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8 or SEQ
ID NO:9. In an embodiment, the isolated peptide comprises
SEQ ID NO:5. In an embodiment of the isolated peptide, all
the amino acid residues of the peptide are D-amino acids. In
an embodiment of the isolated peptide, all the amino acid
residues of the peptide are [.-amino acids.

The 6 to 20 consecutive amino acid isolated peptide can
be any one of 20, 19, 18, 17, 16, 15, 14, 13, 12, 11, 10, 9,
8, 7 or 6 amino acids in length. Each individual peptide
length recited herein is encompassed within the invention as
an individual embodiment. In addition, each of all the length
ranges within the recited lengths is also encompassed within
the invention as an individual embodiment. For example,
this invention encompasses the isolated peptides of 15-20
amino acids in length, the isolated peptides of 14-20 amino
acids in length, the isolated peptides of 14-19 amino acids in
length, the isolated peptides of 13-14 amino acids in length
and so forth.

In an embodiment, the isolated peptide does not consist of
SEQ ID NO:10. In an embodiment, the isolated peptide does
not consist of SEQ ID NO:11. In an embodiment, the
isolated peptide does not consist of SEQ ID NO:12.

In an embodiment, the isolated peptide comprises SEQ ID
NO:5, 6,7, 8 or 9, and has a sequence as set forth in any of
the sequences above except for comprising one or more
amino acid substitutions in the isolated peptide that are not
in the SEQ ID NO:5, 6, 7, 8 or 9 portion thereof. The isolated
peptide may have one of: 80% or greater identity with any
one of SEQ ID NO:5, 6, 7, 8 or 9, 85% or greater identity
with any one of SEQ ID NO:5, 6, 7, 8 or 9, 90% or greater
identity with any one of SEQ ID NO:5, 6, 7, 8 or 9, 95% or
greater identity with any one of SEQ ID NO:5, 6, 7, 8 or 9,
or 99% identity with any one of SEQ ID NO:5, 6, 7, 8 or 9.

The substitution variants of the invention have at least one
amino acid residue in the isolated peptide removed and a
different residue inserted in its place. The sites of greatest
interest for substitutional mutagenesis are outside the core
sequences, i.e. in residues other than SEQ ID:5, 6, 7, 8 or 9.
In an embodiment, one or more of the substitutions is a
conservative substitution. Conservative substitutions are
shown in Table 1 under the heading of “conservative sub-
stitutions.” In an embodiment, one or more of the substitu-
tions is a substitution as set forth in the third column of Table

1.
TABLE 1

Amino Acid Substitutions
Original
Residue Conservative Substitutions Exemplary Substitutions
Ala (A) Val Val; Leu; Ile
Arg (R) Lys Lys; Gln; Asn
Asn (N) Gln Gln; His; Asp, Lys; Arg
Asp (D) Glu Glu; Asn
Cys (C) Ser Ser; Ala
Gln (Q) Asn Asn; Glu
Glu (E) Asp Asp; Gln
Gly (G) Ala Ala
His (H) Arg Asn; Gln; Lys; Arg
Ile () Leu Leu; Val; Met; Ala; Phe;

Norleucine
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TABLE 1-continued

Amino Acid Substitution

Original

Residue Conservative Substitutions Exemplary Substitutions

Leu (L) Ile Norleucine; Ile; Val; Met;
Ala; Phe

Lys (K) Arg Arg; Gln; Asn

Met (M) Leu Leu; Phe; Ile

Phe (F) Tyr Leu; Val; Ile; Ala; Tyr

Pro (P) Ala Ala

Ser (S) Thr Thr

Thr (T) Ser Ser

Trp (W) Tyr Tyr; Phe

Tyr (Y) Phe Trp; Phe; Thr; Ser

Val (V) Leu Ile; Leu; Met; Phe; Ala;

Norleucine

Modifications in the biological properties of the isolated
peptide are accomplished by selecting substitutions that
differ significantly in their effect on maintaining (a) the
structure of the polypeptide backbone in the area of the
substitution, (b) the charge or hydrophobicity of the mol-
ecule at the target site, or (c) the bulk of the side chain.
Naturally occurring residues are divided into groups based
on common side-chain properties:

(1) Non-polar: Norleucine, Met, Ala, Val, Leu, Ile;

(2) Polar without charge: Cys, Ser, Thr, Asn, Gln;

(3) Acidic (negatively charged): Asp, Glu;

(4) Basic (positively charged): Lys, Arg;

(5) Residues that influence chain orientation: Gly, Pro; and
(6) Aromatic: Trp, Tyr, Phe, His.

In an embodiment, the substitution variants of the inven-
tion comprise non-conservative substitutions. Non-conser-
vative substitutions are made by exchanging a member of
one of the classes (1) through (6) for another class.

In an embodiment, the substitution or substitutions
improve solubility of the isolated peptide in the serum of a
subject. In an embodiment, the substitution or substitutions
improve the half-life of the isolated peptide in the body of
a subject. An improvement is relative to the corresponding
non-substituted peptide.

This invention also provides any of the above-described
peptides with one substitution or with two substitutions in
the sequence SEQ ID NO:5, 6, 7, 8 or 9.

The isolated peptide can comprise both D-amino acids
and L-amino acids. In an embodiment, all the amino acid
residues of the peptide are D-amino acids. In an embodi-
ment, all the amino acid residues of the peptide are L-amino
acids.

Also provided is a fusion protein comprising an isolated
peptide as described herein bonded via a peptide bond at an
N-terminal thereof or a C-terminal thereof to a second
peptide, polypeptide or protein. A fusion protein is provided
comprising the isolated peptide as described hereinabove,
joined at an N-terminal amino acid or C-terminal amino acid
thereof by a peptide bond to a second peptide or polypeptide
or protein. In an embodiment, the fusion protein comprising
the isolated peptide has a longer half-life in a human subject
than the isolated peptide alone does. In an embodiment, the
fusion protein comprising the isolated peptide is more
soluble in the serum of a human subject than the isolated
peptide alone is. In a preferred embodiment, the fusion
protein is an isolated recombinant fusion protein created by
recombinant DNA technology. In an embodiment, the pep-
tide is fused to a functional domain of a second peptide or
polypeptide or protein. In an embodiment, the peptide is
fused to a functional domain of a second peptide which is a
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cell-penetrating peptide. In an embodiment, the cell-pen-
etrating peptide is TAT, transportan or penetratin. In an
embodiment, the peptide is fused to an immunoglobulin
constant domain (Fc).

In an embodiment, the peptide is fused to a human
immunoglobulin constant domain, i.e. a polypeptide having
a sequence identical to a human immunoglobulin constant
domain but not obtained from an actual human subject. In an
embodiment, the isolated peptide is bonded via a peptide
bond at an N-terminal thereof or a C-terminal thereof to a
immunoglobulin fragment crystallizable region (Fc). In an
embodiment, the Fc has a sequence identical to a human Fe.

In an embodiment, the fusion protein comprising the
isolated peptide has a longer half-life in a human subject
than the isolated peptide alone does. In an embodiment, the
fusion protein comprising the isolated peptide is more
soluble in the serum of a human subject than the isolated
peptide alone is.

In an embodiment, “isolated” as used herein means not
naturally occurring without the hand of man.

Also provided is a composition comprising an isolated
peptide as described herein and a carrier. Also provided is a
composition comprising a fusion protein as described herein
and a carrier. The invention encompasses compositions
comprising the isolated peptides described herein or the
fusion proteins described herein. In an embodiment, the
composition is a pharmaceutical composition. In an embodi-
ment the composition or pharmaceutical composition com-
prising one or more of the isolated peptides described herein
or the fusion proteins described herein is substantially pure
with regard to the isolated peptides described herein or the
fusion proteins described herein. A composition or pharma-
ceutical composition comprising one or more of the isolated
peptides described herein or the fusion proteins described
herein is “substantially pure” with regard to that when at
least 60% of a sample of the composition or pharmaceutical
composition exhibits a single species of the isolated peptide
or fusion protein. A substantially pure composition or phar-
maceutical composition comprising one or more of the
isolated peptides described herein or the fusion proteins
described herein can comprise, in the portion thereof which
is the isolated peptide or fusion protein, 60%, 70%, 80% or
90% of the isolated peptide or fusion protein of the single
species, more usually about 95%, and preferably over 99%.
Purity or homogeneity may tested by a number of means
well known in the art, such as polyacrylamide gel electro-
phoresis or HPLC.

In an embodiment, the composition is a dimer or trimer of
the isolated peptides. In an embodiment, the composition is
a dimer or trimer of the fusion proteins.

Compositions or pharmaceutical compositions disclosed
herein preferably comprise stabilizers to prevent loss of
activity or structural integrity of the peptide or fusion protein
due to the effects of denaturation, oxidation or aggregation
over a period of time during storage and transportation prior
to use. The compositions or pharmaceutical compositions
can comprise one or more of any combination of salts,
surfactants, pH and tonicity agents such as sugars can
contribute to overcoming aggregation problems. Where a
composition or pharmaceutical composition of the present
invention is used as an injection, it is desirable to have a pH
value in an approximately neutral pH range, it is also
advantageous to minimize surfactant levels to avoid bubbles
in the formulation which are detrimental for injection into
subjects. In an embodiment, the composition or pharmaceu-
tical composition is in liquid form and stably supports high
concentrations of bioactive antibody in solution and is
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suitable for parenteral administration, including intravenous,
intramuscular, intraperitoneal, intradermal and/or subcuta-
neous injection. In an embodiment, the composition or
pharmaceutical composition is in liquid form and has mini-
mized risk of bubble formation and anaphylactoid side
effects. In an embodiment, the composition or pharmaceu-
tical composition is isotonic. In an embodiment, the com-
position or pharmaceutical composition has a pH of 6.8 to
7.4.

In an embodiment the isolated peptides or fusion proteins
disclosed herein are lyophilized and/or freeze dried and are
reconstituted for use.

The invention encompasses compositions comprising the
isolated peptides or fusion proteins described herein in a
pharmaceutically acceptable carrier. As used herein, “phar-
maceutically acceptable carrier” includes any material (in-
cluding mixtures) which, when combined with an active
ingredient, allows the ingredient to retain biological activity
and is non-reactive with the subject’s immune system.
Examples include, but are not limited to, any of the standard
pharmaceutical carriers such as one or more of phosphate
buffered saline solution, water, emulsions such as oil/water
emulsion, and various types of wetting agents. Preferred
diluents for aerosol or parenteral administration are phos-
phate buffered saline (PBS) or normal (0.9%) saline. Com-
positions comprising such carriers are formulated by well
known conventional methods (see, for example, Reming-
ton’s Pharmaceutical Sciences, 18th edition, A. Gennaro,
ed., Mack Publishing Co., Easton, Pa., 1990; and Reming-
ton, The Science and Practice of Pharmacy 20th Ed. Mack
Publishing, 2000). In non-limiting examples, the can com-
prise one or more of dibasic sodium phosphate, potassium
chloride, monobasic potassium phosphate, polysorbate 80
(e.g. 2-[2-[3,5-bis(2-hydroxyethoxy)oxolan-2-yl]-2-(2-hy-
droxyethoxy)ethoxy|ethyl(E)-octadec-9-enoate), disodium
edetate dehydrate, sucrose, monobasic sodium phosphate
monohydrate, and dibasic sodium phosphate dihydrate.

The compositions or pharmaceutical compositions
described herein can also be lyophilized or provided in any
suitable forms including, but not limited to, injectable solu-
tions or inhalable solutions, gel forms and tablet forms.

The practice of the present invention can employ, unless
otherwise indicated, conventional techniques of molecular
biology (including recombinant techniques), microbiology,
cell biology, biochemistry and immunology, which are
within the skill of the art. Such techniques are explained
fully in the literature, such as, Molecular Cloning: A Labo-
ratory Manual, second edition (Sambrook et al., 1989) Cold
Spring Harbor Press; Oligonucleotide Synthesis (M. J. Gait,
ed., 1984); Methods in Molecular Biology, Humana Press;
Cell Biology: A Laboratory Notebook (J. E. Cellis, ed.,
1998) Academic Press; Animal Cell Culture (R. I. Freshney,
ed., 1987); Introduction to Cell and Tissue Culture (J. P.
Mather and P. E. Roberts, 1998) Plenum Press; Cell and
Tissue Culture: Laboratory Procedures (A. Doyle, J. B.
Griffiths, and D. G. Newell, eds., 1993-1998) J. Wiley and
Sons; Methods in Enzymology (Academic Press, Inc.);
Handbook of Experimental Immunology (D. M. Weir and C.
C. Blackwell, eds.); Gene Transfer Vectors for Mammalian
Cells (J. M. Miller and M. P. Calos, eds., 1987); Current
Protocols in Molecular Biology (F. M. Ausubel et al., eds.,
1987); PCR: The Polymerase Chain Reaction, (Mullis et al.,
eds., 1994); Current Protocols in Immunology (J. E. Coligan
et al., eds., 1991); Short Protocols in Molecular Biology
(Wiley and Sons, 1999); Immunobiology (C. A. Janeway
and P. Travers, 1997).
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In some embodiments, therapeutic administration of the
isolated peptide, or of the composition comprising such,
advantageously results in reduced incidence and/or amelio-
ration of one or more symptoms of the sepsis or endotox-
emia condition. In an embodiment, the said composition is
a pharmaceutical composition. In some embodiments, thera-
peutic administration of the isolated fusion-protein or the
composition comprising such advantageously results in
reduced incidence and/or amelioration of one or more symp-
toms of the sepsis or endotoxemia condition. In an embodi-
ment, the said composition is a pharmaceutical composition.

With respect to the therapeutic methods described herein,
reference to compositions includes compositions comprising
one or more additional agents, unless otherwise indicated.
These compositions may further comprise suitable excipi-
ents, such as pharmaceutically acceptable excipients includ-
ing buffers, which are well known in the art. The present
invention can be used alone or in combination with other
methods of treatment. In an embodiment, the other method
of treatment comprise an anti-inflammation therapy and/or
an anti-bacterial therapy.

The isolated peptides, fusion proteins, or compositions
comprising such, can be administered to an subject via any
suitable route. It should be apparent to a person skilled in the
art that the examples described herein are not intended to be
limiting but to be illustrative of the techniques available.
Accordingly, in some embodiments, the they are adminis-
tered to a subject in accord with known methods, such as
intravenous administration, e.g., as a bolus or by continuous
infusion over a period of time, by intramuscular, intraperi-
toneal, intracerebrospinal, transdermal, subcutaneous, intra-
articular, sublingually, intrasynovial, via insufflation,
intrathecal, oral, inhalation or topical routes. Administration
can be systemic, e.g., intravenous administration, or local-
ized. Commercially available nebulizers for liquid formula-
tions, including jet nebulizers and ultrasonic nebulizers are
useful for administration. Liquid formulations can be
directly nebulized and lyophilized powder can be nebulized
after reconstitution.

In some embodiments, the isolated peptide, fusion pro-
tein, or composition comprising such, is administered via
site-specific or targeted local delivery techniques. Examples
of site-specific or targeted local delivery techniques include
various implantable depot sources or local delivery cath-
eters, such as infusion catheters, indwelling catheters, or
needle catheters, synthetic grafts, adventitial wraps, shunts
and stents or other implantable devices, site specific carriers,
direct injection, or direct application. See, e.g., PCT Publi-
cation No. WO 00/53211 and U.S. Pat. No. 5,981,568.

Various formulations of the isolated peptide or fusion
protein of the invention may be used for administration. In
some embodiments, the isolated peptide or fusion protein of
the invention may be administered neat. In some embodi-
ments, the isolated peptide or fusion protein of the invention
and a pharmaceutically acceptable excipient may be in
various formulations. Pharmaceutically acceptable excipi-
ents are known in the art, and are relatively inert substances
that facilitate administration of a pharmacologically effec-
tive substance. For example, an excipient can give form or
consistency, or act as a diluent. Suitable excipients include
but are not limited to stabilizing agents, wetting and emul-
sifying agents, salts for varying osmolarity, encapsulating
agents, buffers, and skin penetration enhancers. Excipients
as well as formulations for parenteral and nonparenteral
drug delivery are set forth in Remington, The Science and
Practice of Pharmacy 20th Ed. Mack Publishing, 2000.
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In some embodiments, these agents are formulated for
administration by injection (e.g., intraperitoneally, intrave-
nously, subcutaneously, intramuscularly, etc.). Accordingly,
these agents can be combined with pharmaceutically accept-
able vehicles such as saline, Ringer’s solution, dextrose
solution, and the like. The particular dosage regimen, i.e.,
dose, timing and repetition, will depend on the particular
subject and that subject’s medical history.

Therapeutic formulations of the peptide or fusion protein
used in accordance with the present invention are prepared
for storage by mixing with optional pharmaceutically
acceptable carriers, excipients or stabilizers (Remington,
The Science and Practice of Pharmacy 20th Ed. Mack
Publishing, 2000), in the form of lyophilized formulations or
aqueous solutions. Acceptable carriers, excipients, or stabi-
lizers are nontoxic to recipients at the dosages and concen-
trations employed, and may comprise buffers such as phos-
phate, citrate, and other organic acids; salts such as sodium
chloride; antioxidants including ascorbic acid and methio-
nine; preservatives (such as octadecyldimethylbenzyl
ammonium chloride; hexamethonium chloride; benzalko-
nium chloride, benzethonium chloride; phenol, butyl or
benzyl alcohol; alkyl parabens, such as methyl or propyl
paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and
m-cresol); low molecular weight (less than about 10 resi-
dues) polypeptides; proteins, such as serum albumin, gela-
tin, or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone; amino acids such as glycine, gluta-
mine, asparagine, histidine, arginine, or lysine; monosac-
charides, disaccharides, and other carbohydrates including
glucose, mannose, or dextrins; chelating agents such as
EDTA; sugars such as sucrose, mannitol, trehalose or sor-
bitol; salt-forming counter-ions such as sodium; metal com-
plexes (e.g. Zn-protein complexes); and/or non-ionic sur-
factants such as TWEEN™, PLURONICS™ or
polyethylene glycol (PEG).

Liposomes containing the peptide or fusion protein are
prepared by methods known in the art, such as described in
Epstein, et al., Proc. Natl. Acad. Sci. USA 82:3688 (1985);
Hwang, et al., Proc. Natl. Acad. Sci. USA 77:4030 (1980);
and U.S. Pat. Nos. 4,485,045 and 4,544,545. Liposomes
with enhanced circulation time are disclosed in U.S. Pat. No.
5,013,556. Particularly useful liposomes can be generated
by the reverse phase evaporation method with a lipid com-
position comprising phosphatidylcholine, cholesterol and
PEG-derivatized phosphatidylethanolamine (PEG-PE).
Liposomes are extruded through filters of defined pore size
to yield liposomes with the desired diameter.

The active ingredients may also be entrapped in micro-
capsules prepared, for example, by coacervation techniques
or by interfacial polymerization, for example, hydroxym-
ethylcellulose or gelatin-microcapsules and poly-(methyl-
methacrylate) microcapsules, respectively, in colloidal drug
delivery systems (for example, liposomes, albumin micro-
spheres, microemulsions, nano-particles and nanocapsules)
or in macroemulsions. Such techniques are disclosed in
Remington, The Science and Practice of Pharmacy 20th Ed.
Mack Publishing (2000).

Sustained-release preparations may be prepared. Suitable
examples of sustained-release preparations include semiper-
meable matrices of solid hydrophobic polymers containing
the isolated peptide or fusion protein, which matrices are in
the form of shaped articles, e.g. films, or microcapsules.
Examples of sustained-release matrices include polyesters,
hydrogels (for example, poly(2-hydroxyethyl-methacry-
late), or poly(vinylalcohol)), polylactides (U.S. Pat. No.
3,773,919), copolymers of L-glutamic acid and 7 ethyl-L-
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glutamate, non-degradable ethylene-vinyl acetate, degrad-
able lactic acid-glycolic acid copolymers such as the
LUPRON DEPOT™ (injectable microspheres composed of
lactic acid-glycolic acid copolymer and leuprolide acetate),
sucrose acetate isobutyrate, and poly-D-(-)-3-hydroxybu-
tyric acid.

The formulations to be used for in vivo administration
must be sterile. This is readily accomplished by, for
example, filtration through sterile filtration membranes.

The compositions according to the present invention may
be in unit dosage forms such as tablets, pills, capsules,
powders, granules, solutions or suspensions, or supposito-
ries, for oral, parenteral or rectal administration, or admin-
istration by inhalation or insufflation.

For preparing solid compositions such as tablets, the
principal active ingredient is mixed with a pharmaceutical
carrier, e.g. conventional tableting ingredients such as corn
starch, lactose, sucrose, sorbitol, talc, stearic acid, magne-
sium stearate, dicalcium phosphate or gums, and other
pharmaceutical diluents, e.g. water, to form a solid prefor-
mulation composition containing a homogeneous mixture of
a compound of the present invention, or a non-toxic phar-
maceutically acceptable salt thereof. When referring to these
preformulation compositions as homogeneous, it is meant
that the active ingredient is dispersed evenly throughout the
composition so that the composition may be readily subdi-
vided into equally effective unit dosage forms such as
tablets, pills and capsules. This solid preformulation com-
position is then subdivided into unit dosage forms. The
tablets or pills of the novel composition can be coated or
otherwise compounded to provide a dosage form affording
the advantage of prolonged action. For example, the tablet or
pill can comprise an inner dosage and an outer dosage
component, the latter being in the form of an envelope over
the former. The two components can be separated by an
enteric layer that serves to resist disintegration in the stom-
ach and permits the inner component to pass intact into the
duodenum or to be delayed in release. A variety of materials
can be used for such enteric layers or coatings, such mate-
rials including a number of polymeric acids and mixtures of
polymeric acids with such materials as shellac, cetyl alcohol
and cellulose acetate.

Emulsion compositions of the invention can be those
prepared by mixing an isolated peptide or fusion protein of
the invention with Intralipid™ or the components thereof
(soybean oil, egg phospholipids, glycerol and water).

Compositions for inhalation or insufflation include solu-
tions and suspensions in pharmaceutically acceptable, aque-
ous or organic solvents, or mixtures thereof, and powders.
The liquid or solid compositions may contain suitable phar-
maceutically acceptable excipients as set out above. In some
embodiments, the compositions are administered by the oral
or nasal respiratory route for local or systemic effect. Com-
positions in preferably sterile pharmaceutically acceptable
solvents may be nebulized by use of gases. Nebulized
solutions may be breathed directly from the nebulising
device or the nebulising device may be attached to a face
mask, tent or intermittent positive pressure breathing
machine. Solution, suspension or powder compositions may
be administered, preferably orally or nasally, from devices
which deliver the formulation in an appropriate manner.

Also provided is an isolated antibody directed to a domain
of SAA, wherein the antibody cross-reacts with isolated
peptide P8 (SEQ ID NO: 2) and/or with isolated peptide P4
(SEQ ID NO:3), or an antigen-binding fragment of such
antibody.
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Also provided is an isolated antibody directed to a domain
of human SAA, wherein the antibody cross-reacts with
isolated peptide P8 (SEQ ID NO:2) or with isolated peptide
P4 (SEQ ID NO:3), or with one of isolated peptides SEQ ID
NOS: 13-17, or an antigen-binding fragment of such anti-
body.

In an embodiment, the isolated antibody reacts with one
of amino acid sequences ANYQNADQYF (SEQ ID
NO:15), DKYFHARGNY (SEQ ID NO:14), or FRPEGL-
PEKY (SEQ ID NO:17). In an embodiment, the isolated
antibody reacts with amino acid sequence KNPNHFRPEG
(SEQ ID NO:16).

In an embodiment, the isolated antibody is non-naturally
occurring in that it does not exist absent the hand of man in
its production.

In an embodiment, the isolated antibody inhibits SAA-
induced nitric oxide production when applied to a human
macrophage culture. In an embodiment, the isolated anti-
body inhibits SAA-induced G-CSF production when applied
to a human macrophage culture.

In a preferred embodiment, the antibody cross-reacts with
isolated peptide P8 (SEQ ID NO: 2). In a preferred embodi-
ment, the antibody does not bind an epitope bound by
monoclonal antibody mc29 and/or wherein the antibody
does not bind an epitope bound by monoclonal antibody
mc4.

In an embodiment, the antibody is a monoclonal antibody.
In an embodiment, the antibody is a chimeric antibody,
humanized antibody or human antibody.

A composition is provided comprising an isolated anti-
body as described herein or antigen-binding fragment of
such antibody as described herein, and a carrier.

As used herein, the term “antibody” refers to an intact
antibody, i.e. with complete Fc and Fv regions. “Fragment”
refers to any portion of an antibody, or portions of an
antibody linked together, such as, in non-limiting examples,
aFab, F(ab),, a single-chain Fv (scFv), which is less than the
whole antibody but which is an antigen-binding portion and
which competes with the intact antibody, of which it is a
fragment, for specific binding. As such, a fragment can be
prepared, for example, by cleaving an intact antibody or by
recombinant means. See generally, Fundamental Immunol-
ogy, Ch. 7 (Paul, W., ed., 2nd ed. Raven Press, N.Y. (1989),
hereby incorporated by reference in its entirety). Antigen-
binding fragments may be produced by recombinant DNA
techniques or by enzymatic or chemical cleavage of intact
antibodies or by molecular biology techniques. In some
embodiments, a fragment is an Fab, Fab', F(ab"),, F, F,,
complementarity determining region (CDR) fragment,
single-chain antibody (scFv), (a variable domain light chain
(V,) and a variable domain heavy chain (V) linked via a
peptide linker. In an embodiment the linker of the scFv is
10-25 amino acids in length. In an embodiment the peptide
linker comprises glycine, serine and/or threonine residues.
For example, see Bird et al., Science, 242: 423-426 (1988)
and Huston et al., Proc. Natl. Acad. Sci. USA, 85:5879-5883
(1988) each of which are hereby incorporated by reference
in their entirety), or a polypeptide that contains at least a
portion of an antibody that is sufficient to confer SAA
domain-specific antigen binding on the polypeptide, includ-
ing a diabody. From N-terminus to C-terminus, both the
mature light and heavy chain variable domains comprise the
regions FR1, CDR1, FR2, CDR2, FR3, CDR3 and FR4. The
assignment of amino acids to each domain is in accordance
with the definitions of Kabat, Sequences of Proteins of
Immunological Interest (National Institutes of Health,
Bethesda, Md. (1987 and 1991)), Chothia & Lesk, J. Mol.
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Biol. 196:901-917 (1987), or Chothia et al., Nature 342:
878-883 (1989), each of which are hereby incorporated by
reference in their entirety). As used herein, the term “poly-
peptide” encompasses native or artificial proteins, protein
fragments and polypeptide analogs of a protein sequence. A
polypeptide may be monomeric or polymeric. As used
herein, an F, fragment means an antibody fragment that
consists of the V, and CH1 domains; an F, fragment
consists of the V, and V,; domains of a single arm of an
antibody; and a dAb fragment (Ward et al., Nature 341:544-
546 (1989) hereby incorporated by reference in its entirety)
consists of a V, domain. In some embodiments, fragments
are at least 5, 6, 8 or 10 amino acids long. In other
embodiments, the fragments are at least 14, at least 20, at
least 50, or at least 70, 80, 90, 100, 150 or 200 amino acids
long.

The term “monoclonal antibody” as used herein refers to
an antibody member of a population of substantially homo-
geneous antibodies, i.e., the individual antibodies compris-
ing the population are identical except for possible muta-
tions, e.g., naturally occurring mutations, that may be
present in minor amounts. Thus, the modifier “monoclonal”
indicates the character of the antibody as not being a mixture
of discrete antibodies. In certain embodiments, such a mono-
clonal antibody typically includes an antibody comprising a
polypeptide sequence that binds a target SAA domain,
wherein the target-binding polypeptide sequence was
obtained by a process that includes the selection of a single
target binding polypeptide sequence from a plurality of
polypeptide sequences. For example, the selection process
can be the selection of a unique clone from a plurality of
clones, such as a pool of hybridoma clones, phage clones, or
recombinant DNA clones. In contrast to polyclonal antibody
preparations, which typically include different antibodies
directed against different determinants (epitopes), each
monoclonal antibody of a monoclonal antibody preparation
is directed against a single determinant on an antigen. In
addition to their specificity, monoclonal antibody prepara-
tions are advantageous in that they are typically uncontami-
nated by other immunoglobulins. Thus an identified mono-
clonal antibody can be produced by non-hybridoma
techniques, e.g. by appropriate recombinant means once the
sequence thereof is identified.

In an embodiment of the inventions described herein, the
antibody is isolated. As used herein, in an embodiment, the
term ““isolated antibody” refers to an antibody that by virtue
of its origin or source of derivation has one, two, three or
four of the following: (1) is not associated with naturally
associated components that accompany it in its native state,
(2) is free of other proteins from the same species, (3) is
expressed by a cell from a different species, and (4) does not
naturally occur absent the hand of man.

In an embodiment the composition or pharmaceutical
composition comprising one or more of the antibodies or
fragments described herein is substantially pure with regard
to the antibody or fragment. A composition or pharmaceu-
tical composition comprising one or more of the antibodies
or fragments described herein is “substantially pure” with
regard to the antibody or fragment when at least about 60 to
75% of a sample of the composition or pharmaceutical
composition exhibits a single species of the antibody or
fragment. A substantially pure composition or pharmaceu-
tical composition comprising one or more of the antibodies
or fragments described herein can comprise, in the portion
thereof which is the antibody or fragment, 60%, 70%, 80%
or 90% of the antibody or fragment of the single species,
more usually about 95%, and preferably over 99%. Antibody
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purity or homogeneity may tested by a number of means
well known in the art, such as polyacrylamide gel electro-
phoresis or HPLC.

As used herein, a “human antibody” unless otherwise
indicated is one whose sequences correspond to (i.e. are
identical in sequence to) an antibody that could be produced
by a human and/or has been made using any of the tech-
niques for making human antibodies as disclosed herein, but
not one which has been made in a human. This definition of
a human antibody specifically excludes a humanized anti-
body. A “human antibody” as used herein can be produced
using various techniques known in the art, including phage-
display libraries (e.g. Hoogenboom and Winter, J. Mol.
Biol., 227:381 (1991); Marks et al., J. Mol. Biol., 222:581
(1991), hereby incorporated by reference in its entirety), by
methods described in Cole et al., Monoclonal Antibodies
and Cancer Therapy, Alan R. Liss, p. 77 (1985) (hereby
incorporated by reference in its entirety); Boerner et al., J.
Immunol., 147(1):86-95 (1991) (hereby incorporated by
reference in its entirety), van Dijk and van de Winkel, Curr.
Opin. Pharmacol., 5: 368-74 (2001) (hereby incorporated by
reference in its entirety), and by administering the antigen to
a transgenic animal that has been modified to produce such
antibodies in response to antigenic challenge, but whose
endogenous loci have been disabled, e.g., immunized xeno-
mice (see, e.g., U.S. Pat. Nos. 5,939,598; 6,075,181; 6,114,
598; 6,150,584 and 6,162,963 to Kucherlapati et al. regard-
ing XENOMOUSE™ technology, each of which patents are
hereby incorporated by reference in their entirety), e.g.
Veloclmmune® (Regeneron, Tarrytown, N.Y.), e.g. Ulti-
Mab® platform (Medarex, now Bristol Myers Squibb,
Princeton, N.J.). See also, for example, Li et al., Proc. Natl.
Acad. Sci. USA, 103:3557-3562 (2006) regarding human
antibodies generated via a human B-cell hybridoma tech-
nology. See also KM Mouse® system, described in PCT
Publication WO 02/43478 by Ishida et al., in which the
mouse carries a human heavy chain transchromosome and a
human light chain transgene, and the TC mouse system,
described in Tomizuka et al. (2000) Proc. Natl. Acad. Sci.
USA 97:722-727, in which the mouse carries both a human
heavy chain transchromosome and a human light chain
transchromosome, both of which are hereby incorporated by
reference in their entirety. In each of these systems, the
transgenes and/or transchromosomes carried by the mice
comprise human immunoglobulin variable and constant
region sequences.

The term “human antibody”, as used herein, is intended to
include antibodies having variable regions in which both the
framework and CDR regions are sequences of human origin
or identical thereto other than antibodies naturally occurring
in a human or made in a human. Furthermore, if the antibody
(e.g. an intact antibody rather than, for example, an Fab
fragment) contains a constant region, the constant region
also is derived from such human sequences, e.g., human
germline sequences, or mutated versions of human germline
sequences. However, the term “human antibody”, as used
herein, is not intended to include antibodies in which CDR
sequences derived from the germline of another mammalian
species, such as a mouse, have been grafted onto human
framework sequences. In one non-limiting embodiment,
where the human antibodies are human monoclonal anti-
bodies, such antibodies can be produced by a hybridoma
which includes a B cell obtained from a transgenic nonhu-
man animal, e.g., a transgenic mouse, having a genome
comprising a human heavy chain transgene and a light chain
transgene fused to an immortalized cell.
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In an embodiment, the anti-SAA antibody described
herein is a recombinant human antibody. The term “recom-
binant human antibody”, as used herein, includes all human
antibodies that are prepared, expressed, created or isolated
by recombinant means, such as antibodies isolated from an
animal (e.g., a mouse) that is transgenic or transchromo-
somal for human immunoglobulin genes or a hybridoma
prepared therefrom, antibodies isolated from a host cell
transformed to express the human antibody, e.g., from a
transfectoma, antibodies isolated from a recombinant, com-
binatorial human antibody library, and antibodies prepared,
expressed, created or isolated by any other means that
involve splicing of all or a portion of a human immuno-
globulin gene, sequences to other DNA sequences. Such
recombinant human antibodies have variable regions in
which the framework and CDR regions are derived from
human germline immunoglobulin sequences. In certain
embodiments, however, such recombinant human antibodies
can be subjected to in vitro mutagenesis (or, when an animal
transgenic for human Ig sequences is used, in vivo somatic
mutagenesis) and thus the amino acid sequences of the V,,
and V; regions of the recombinant antibodies are sequences
that, while derived from and related to human germline V,
and V; sequences, may not naturally exist within the human
antibody germline repertoire in vivo.

“Humanized” forms of non-human (e.g., murine) anti-
bodies are chimeric antibodies that contain minimal
sequence derived from non-human immunoglobulin. In one
embodiment, a humanized antibody is a human immuno-
globulin (recipient antibody) in which residues from a
hypervariable region (HVR) of the recipient are replaced by
residues from a HVR of a non-human species (donor anti-
body) such as mouse, rat, rabbit, or nonhuman primate
having the desired specificity, affinity, and/or capacity. In
some instances, FR residues of the human immunoglobulin
variable domain are replaced by corresponding non-human
residues. These modifications may be made to further refine
antibody performance. Furthermore, in a specific embodi-
ment, humanized antibodies may comprise residues that are
not found in the recipient antibody or in the donor antibody.
In an embodiment, the humanized antibodies do not com-
prise residues that are not found in the recipient antibody or
in the donor antibody. In general, a humanized antibody will
comprise substantially all of at least one, and typically two,
variable domains, in which all or substantially all of the
hypervariable loops correspond to those of a non-human
immunoglobulin, and all or substantially all of the FRs are
those of a human immunoglobulin sequence. The human-
ized antibody optionally will also comprise at least a portion
of'an immunoglobulin constant region (Fc), typically that of
a human immunoglobulin. See, e.g., Jones et al., Nature
321:522-525 (1986); Riechmann et al., Nature 332:323-329
(1988); Presta, Curr. Op. Struct. Biol. 2:593-596 (1992);
Vaswani and Hamilton, Ann. Allergy, Asthma & Immunol.
1:105-115 (1998); Harris, Biochem. Soc. Transactions
23:1035-1038 (1995); Hurle and Gross, Curr. Op. Biotech.
5:428-433 (1994); and U.S. Pat. Nos. 6,982,321 and 7,087,
409, the contents of each of which references and patents are
hereby incorporated by reference in their entirety. In one
embodiment where the humanized antibodies do comprise
residues that are not found in the recipient antibody or in the
donor antibody, the Fc regions of the antibodies are modified
as described in WO 99/58572, the content of which is hereby
incorporated by reference in its entirety.

Techniques to humanize a monoclonal antibody are
described in U.S. Pat. Nos. 4,816,567, 5,807,715; 5,866,
692; 6,331,415; 5,530,101; 5,693,761; 5,693,762; 5,585,
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089; and 6,180,370, the content of each of which is hereby
incorporated by reference in its entirety.

A number of “humanized” antibody molecules compris-
ing an antigen-binding site derived from a non-human
immunoglobulin have been described, including antibodies
having rodent or modified rodent V regions and their asso-
ciated complementarity determining regions (CDRs) fused
to human constant domains. See, for example, Winter et al.
Nature 349: 293-299 (1991), Lobuglio et al. Proc. Nat. Acad.
Sci. USA 86: 4220-4224 (1989), Shaw et al. J. Immunol.
138: 4534-4538 (1987), and Brown et al. Cancer Res. 47:
3577-3583 (1987), the content of each of which is hereby
incorporated by reference in its entirety. Other references
describe rodent hypervariable regions or CDRs grafted into
a human supporting framework region (FR) prior to fusion
with an appropriate human antibody constant domain. See,
for example, Riechmann et al. Nature 332: 323-327 (1988),
Verhoeyen et al. Science 239: 1534-1536 (1988), and Jones
et al. Nature 321: 522-525 (1986), the content of each of
which is hereby incorporated by reference in its entirety.
Another reference describes rodent CDRs supported by
recombinantly veneered rodent framework regions—Furo-
pean Patent Publication No. 0519596 (incorporated by ref-
erence in its entirety). These “humanized” molecules are
designed to minimize unwanted immunological response
toward rodent anti-human antibody molecules which limits
the duration and effectiveness of therapeutic applications of
those moieties in human recipients. The antibody constant
region can be engineered such that it is immunologically
inert (e.g., does not trigger complement lysis). See, e.g. PCT
Publication No. W099/58572; UK Patent Application No.
9809951.8. Other methods of humanizing antibodies that
may also be utilized are disclosed by Daugherty et al., Nucl.
Acids Res. 19: 2471-2476 (1991) and in U.S. Pat. Nos.
6,180,377, 6,054,297, 5,997,867, 5,866,692; 6,210,671; and
6,350,861; and in PCT Publication No. WO 01/27160 (each
incorporated by reference in their entirety).

Other forms of humanized antibodies have one or more
CDRs (CDR L1, CDR L2, CDR 13, CDR HI1, CDR H2, or
CDR H3) which are altered with respect to the original
antibody, which are also termed one or more CDRs “derived
from” one or more CDRs from the original antibody.

In embodiments, the antibodies or fragments herein can
be produced recombinantly, for example antibodies
expressed using a recombinant expression vector transfected
into a host cell, antibodies isolated from a recombinant,
combinatorial human antibody library, antibodies isolated
from an animal (e.g., a mouse) that is transgenic for human
immunoglobulin genes.

In an embodiment, the anti-SAA antibody described
herein is capable of specifically binding or specifically binds
an SAA domain. As used herein, the terms “is capable of
specifically binding” or “specifically binds” refers to the
property of an antibody or fragment of binding to the
(specified) antigen with a dissociation constant that is <1
uM, preferably <1 nM and most preferably <10 pM. In an
embodiment, the Kd of the antibody (or fragment) for SAA
is 250-500 pM. An epitope that “specifically binds” to an
antibody or a polypeptide is a term well understood in the
art, and methods to determine such specific or preferential
binding are also well known in the art. A molecular entity is
said to exhibit “specific binding” or “preferential binding” if
it reacts or associates more frequently, more rapidly, with
greater duration and/or with greater affinity with a particular
cell or substance than it does with alternative cells or
substances. An antibody “specifically binds” or “preferen-
tially binds” to a target if it binds with greater affinity,
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avidity, more readily, and/or with greater duration than it
binds to other substances. It is also understood by reading
this definition that, for example, an antibody (or moiety or
epitope) that specifically or preferentially binds to a first
target may or may not specifically or preferentially bind to
a second target. As such, “specific binding” or “preferential
binding” does not necessarily require (although it can
include, in an embodiment) exclusive binding.

The term “compete”, as used herein with regard to an
antibody, means that a first antibody, or an antigen-binding
portion thereof, binds to an epitope in a manner sufficiently
similar to the binding of a second antibody, or an antigen-
binding portion thereof, such that the result of binding of the
first antibody with its cognate epitope is detectably
decreased in the presence of the second antibody compared
to the binding of the first antibody in the absence of the
second antibody. The alternative, where the binding of the
second antibody to its epitope is also detectably decreased in
the presence of the first antibody, can, but need not be the
case. That is, a first antibody can inhibit the binding of a
second antibody to its epitope without that second antibody
inhibiting the binding of the first antibody to its respective
epitope. However, where each antibody detectably inhibits
the binding of the other antibody with its cognate epitope or
ligand, whether to the same, greater, or lesser extent, the
antibodies are said to “cross-compete” with each other for
binding of their respective epitope(s). Both competing and
cross-competing antibodies are encompassed by the present
invention. Regardless of the mechanism by which such
competition or cross-competition occurs (e.g., steric hin-
drance, conformational change, or binding to a common
epitope, or portion thereof), the skilled artisan would appre-
ciate, based upon the teachings provided herein, that such
competing and/or cross-competing antibodies are encom-
passed and can be useful for the methods disclosed herein.

Depending on the amino acid sequences of the constant
domains of their heavy chains, antibodies (immunoglobu-
lins) can be assigned to different classes. The antibody or
fragment can be, e.g., any of an IgG, IgD, IgE, IgA or IgM
antibody or fragment thereof, respectively. In an embodi-
ment the antibody is an immunoglobulin G. In an embodi-
ment the antibody fragment is a fragment of an immuno-
globulin G. In an embodiment the antibody is an IgGl,
1gG2, 1gG2a, 1gG2b, IgG3 or IgG4. In an embodiment the
antibody comprises sequences from a human IgG1, human
1gG2, human IgG2a, human 1gG2b, human IgG3 or human
IgG4. A combination of any of these antibodies subtypes can
also be used. One consideration in selecting the type of
antibody to be used is the desired serum half-life of the
antibody. For example, an IgG generally has a serum half-
life of 23 days, IgA 6 days, IgM 5 days, IgD 3 days, and IgE
2 days. (Abbas A K, Lichtman A H, Pober J S. Cellular and
Molecular Immunology, 4th edition, W.B. Saunders Co.,
Philadelphia, 2000, hereby incorporated by reference in its
entirety).

The “variable region” or “variable domain” of an anti-
body refers to the amino-terminal domains of the heavy or
light chain of the antibody. The variable domain of the heavy
chain may be referred to as “V,.” The variable domain of
the light chain may be referred to as “V;.” These domains
are generally the most variable parts of an antibody and
contain the antigen-binding sites. The term “variable” refers
to the fact that certain portions of the variable domains differ
extensively in sequence among antibodies and are used in
the binding and specificity of each particular antibody for its
particular antigen. However, the variability is not evenly
distributed throughout the variable domains of antibodies. It
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is concentrated in three segments called hypervariable
regions (HVRs) both in the light-chain and the heavy-chain
variable domains. The more highly conserved portions of
variable domains are called the framework regions (FR).
The variable domains of native heavy and light chains each
comprise four FR regions, largely adopting a beta-sheet
configuration, connected by three HVRs, which form loops
connecting, and in some cases forming part of, the beta-
sheet structure. The HVRs in each chain are held together in
close proximity by the FR regions and, with the HVRs from
the other chain, contribute to the formation of the antigen-
binding site of antibodies (see Kabat et al., Sequences of
Proteins of Immunological Interest, Fifth Edition, National
Institute of Health, Bethesda, Md. (1991)). The constant
domains are not involved directly in the binding of an
antibody to an antigen, but exhibit various effector func-
tions, such as participation of the antibody in antibody-
dependent cellular toxicity.

The “light chains” of antibodies (immunoglobulins) from
any vertebrate species can be assigned to one of two clearly
distinct types, called kappa (K) and lambda (4 based on the
amino acid sequences of their constant domains.

“Framework” or “FR” residues are those variable domain
residues other than the HVR residues as herein defined.

The term “hypervariable region” or “HVR” when used
herein refers to the regions of an antibody variable domain
which are hypervariable in sequence and/or form structur-
ally defined loops. Generally, antibodies comprise six
HVRs; three in the V; (H1, H2, H3) and three in the V (L1,
L2, L3). In native antibodies, H3 and L3 display the most
diversity of the six HVRs, and H3 in particular is believed
to play a unique role in conferring fine specificity to anti-
bodies. See, e.g., Xu et al, Immunity 13:37-45 (2000);
Johnson and Wu, in Methods in Molecular Biology 248:1-25
(Lo, ed., Human Press, Totowa, N.J., 2003). Indeed, natu-
rally occurring camelid antibodies consisting of a heavy
chain only are functional and stable in the absence of light
chain. See, e.g., Hamers-Casterman et al., Nature 363:446-
448 (1993); Sheriff et al., Nature Struct. Biol. 3:733-736
(1996). A number of HVR delineations are in use and are
encompassed herein. The Kabat Complementarity Deter-
mining Regions (CDRs) are based on sequence variability
and are the most commonly used (Kabat et al., Sequences of
Proteins of Immunological Interest, Sth Ed. Public Health
Service, National Institutes of Health, Bethesda, Md. (1991)
hereby incorporated by reference in its entirety). Chothia
refers instead to the location of the structural loops (Chothia
and Lesk, J. Mol. Biol. 196:901-917 (1987)). The AbM
HVRs represent a compromise between the Kabat HVRs
and Chothia structural loops, and are used by Oxford
Molecular’s AbM antibody modeling software. The “con-
tact” HVRs are based on an analysis of the available
complex crystal structures. HVRs may comprise “extended
HVRs” as follows: 24-36 or 24-34 (L.1), 46-56 or 50-56 (L2)
and 89-97 or 89-96 (L.3) in the VL and 26-35 (H1), 50-65 or
49-65 (H2) and 93-102, 94-102, or 95-102 (H3) in the VH.
The variable domain residues are numbered according to
Kabat et al., supra, for each of these definitions.

The term “Fc region” herein is used to define a C-terminal
region of an immunoglobulin heavy chain, including native
sequence Fc regions and variant Fc regions. Although the
boundaries of the Fc region of an immunoglobulin heavy
chain might vary, the human IgG heavy chain Fc region is
usually defined to stretch from an amino acid residue at
position Cys226, or from Pro230, to the carboxyl-terminus
thereof. The C-terminal lysine of the Fc region may be
removed, for example, during production or purification of
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the antibody, or by recombinantly engineering the nucleic
acid encoding a heavy chain of the antibody. Accordingly, an
intact antibody as used herein may be an antibody with or
without the otherwise C-terminal cysteine.

Compositions or pharmaceutical compositions compris-
ing the antibodies, ScFvs or fragments of antibodies dis-
closed herein are preferably comprise stabilizers to prevent
loss of activity or structural integrity of the protein due to the
effects of denaturation, oxidation or aggregation over a
period of time during storage and transportation prior to use.
The compositions or pharmaceutical compositions can com-
prise one or more of any combination of salts, surfactants,
pH and tonicity agents such as sugars can contribute to
overcoming aggregation problems. Where a composition or
pharmaceutical composition of the present invention is used
as an injection, it is desirable to have a pH value in an
approximately neutral pH range, it is also advantageous to
minimize surfactant levels to avoid bubbles in the formula-
tion which are detrimental for injection into subjects. In an
embodiment, the composition or pharmaceutical composi-
tion is in liquid form and stably supports high concentrations
of bioactive antibody in solution and is suitable for paren-
teral administration, including intravenous, intramuscular,
intraperitoneal, intradermal and/or subcutaneous injection.
In an embodiment, the composition or pharmaceutical com-
position is in liquid form and has minimized risk of bubble
formation and anaphylactoid side effects. In an embodiment,
the composition or pharmaceutical composition is isotonic.
In an embodiment, the composition or pharmaceutical com-
position has a pH or 6.8 to 7.4.

In an embodiment the ScFvs or fragments of antibodies
disclosed herein are lyophilized and/or freeze dried and are
reconstituted for use.

Examples of pharmaceutically acceptable carriers
include, but are not limited to, phosphate buffered saline
solution, sterile water (including water for injection USP),
emulsions such as oil/water emulsion, and various types of
wetting agents. Preferred diluents for aerosol or parenteral
administration are phosphate buffered saline or normal
(0.9%) saline, for example 0.9% sodium chloride solution,
USP. Compositions comprising such carriers are formulated
by well known conventional methods (see, for example,
Remington’s Pharmaceutical Sciences, 18th edition, A.
Gennaro, ed., Mack Publishing Co., Easton, Pa., 1990; and
Remington, The Science and Practice of Pharmacy 20th Ed.
Mack Publishing, 2000, the content of each of which is
hereby incorporated in its entirety). In non-limiting
examples, the can comprise one or more of dibasic sodium
phosphate, potassium chloride, monobasic potassium phos-
phate, polysorbate 80 (e.g. 2-[2-[3,5-bis(2-hydroxyethoxy)
oxolan-2-yl]-2-(2-hydroxyethoxy )ethoxy |ethyl(E)-octadec-
9-enoate), disodium edetate dehydrate, sucrose, monobasic
sodium phosphate monohydrate, and dibasic sodium phos-
phate dihydrate.

The antibodies, or fragments of antibodies, or composi-
tions, or pharmaceutical compositions described herein can
also be lyophilized or provided in any suitable forms includ-
ing, but not limited to, injectable solutions or inhalable
solutions, gel forms and tablet forms.

A hybridoma is provided which produces an antibody as
described herein.

An isolated cDNA is provided which encodes an antibody
as described herein.

An isolated cDNA is provided which encodes a fusion
protein as described herein.

The methods of routes of administration described here-
inabove with regard to peptides are also applicable to the
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antibodies, antibody fragments, and compositions compris-
ing either as described herein.

A method is provided of treating or preventing sepsis or
endotoxemia in a subject, comprising administering to the
subject an amount of an isolated peptide as described herein,
the fusion protein as described herein, an antibody or
fragment thereof as described herein, or a composition as
described herein, effective to treat or prevent sepsis or
endotoxemia.

A method is provided of treating or preventing an inflam-
matory condition in a subject, comprising administering to
the subject an amount of an isolated peptide as described
herein, the fusion protein as described herein, an antibody or
fragment thereof as described herein, or a composition as
described herein, effective to treat or prevent an inflamma-
tory condition.

In an embodiment, the methods further comprise admin-
istering an amount of exogenous HDL to the subject suffi-
cient to reduce plasma levels of SAA in a subject.

In an embodiment of the methods, the antibody or frag-
ment, or the composition comprising such, is administered.
In an embodiment, the isolated peptide, or the fusion protein
or composition comprising such, is administered.

In an embodiment of the methods herein, the isolated
peptide, fusion protein, antibody or composition is admin-
istered to the subject prior to the onset of sepsis or endo-
toxemia, for example, to a subject at risk for sepsis. In an
embodiment of the methods herein, the isolated peptide,
fusion protein, antibody or composition is administered to
the subject after the onset of sepsis or endotoxemia or
inflammatory condition, for example, within 2 hrs., 5 hrs.,
10 hrs., 24 hrs. or 48 hrs. or more after the onset of sepsis
or endotoxemia or inflammatory condition. In an embodi-
ment of the methods herein, the isolated peptide, fusion
protein, antibody or composition is administered to the
subject showing sepsis symptoms or showing endotoxemia
symptoms or exhibiting the inflammatory condition.

Also provided is a peptide having a biological activity of
a peptide comprising SEQ ID NO:5, SEQ ID NO:6, SEQ ID
NO:7, SEQ ID NO:8 or SEQ ID NO:9, but not comprising
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8
or SEQ ID NO:9, respectively.

In an embodiment of any of the peptides described herein,
the peptide attenuates SAA-induced HMGBI release from a
cell, or in a subject. In an embodiment of any of the
antibodies or fragments described herein, the antibody or
fragment attenuates SAA-induced HMGBI1 release from a
cell, or in a subject.

The term “subject” is intended to include mammals, e.g.,
humans, dogs, cows, horses, pigs, sheep, goats, cats, mice,
rabbits, rats, and also includes avians. In a preferred embodi-
ment of the invention, the subject is a human.

“And/or” as used herein, for example, with option A
and/or option B, encompasses the separate embodiments of
(1) option A, (ii) option B, and (iii) option A plus option B.

All combinations of the various elements described herein
are within the scope of the invention unless otherwise
indicated herein or otherwise clearly contradicted by con-
text.

This invention will be better understood from the Experi-
mental Details, which follow. However, one skilled in the art
will readily appreciate that the specific methods and results
discussed are merely illustrative of the invention as
described more fully in the claims that follow thereafter.
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EXPERIMENTAL DETAILS

Introduction

Despite recent advances in antibiotic therapy and inten-
sive care, bacterial infection and sepsis remain widespread
problems in critically ill patients. The high mortality of
sepsis is partly mediated by bacterial toxins, which stimulate
macrophages/monocytes to sequentially release early (e.g.,
TNF and IFN-y) and late (e.g., HMGBI1 and histones)
proinflammatory mediators. Anti-TNF agents can be pro-
tective in animal models of endotoxemic shock if given
prophylactically; whereas agents capable of inhibiting
HMGBI release or activities rescue mice from lethal sepsis
even when these anti-HMGB1 agents are first given 24 h
after disease onset. To search for other HMGBI1 regulators,
we systematically monitored the dynamic changes of the
circulating levels of HMGB1 and multiple other cytokines/
chemokines in septic patients by Western blots and Antibody
Arrays. Intriguingly, a positive APP, human serum amyloid
A (SAA), but not SAAL, cross-reacted with some rabbit
anti-HMGBI1 antibodies, and surprisingly induced HMGB1
release in murine macrophage and human monocyte cul-
tures. Furthermore, recombinant SAA protein exacerbated
endotoxin-mediated animal lethality; whereas SAA domain-
specific neutralizing antibodies and peptide antagonists con-
ferred protection against lethal endotoxemia and sepsis.
Results

Discovery of human SAA, but not SAA1, as an HMGBI1
inducer. To search for potential “intermediate” mediators
that could contribute to HMGBI1 release, the kinetic changes
of serum levels of HMGBI1 along with multiple other
cytokines in a group of septic patients admitted to the NSUH
were characterized subsequent to the approval by the insti-
tutional IRB ethics committee. In 8 out of 23 septic patients,
serum HMGBI levels positively correlated with the clinical
scores—circulating HMGB1 levels returned to baselines
when these patients recovered from the illness (110). In a
subset of septic patients, some anti-HMGB1 IgGs paradoxi-
cally cross-reacted with a 12 kDa protein (denoted as “P12”)
(FIG. 3A), which was identified as a member of the human
SAA family by mass spectrometry analysis (FIG. 3B).
Furthermore, serum HMGBI1 levels appeared to positively
correlate with the serum levels of total SAAs (as measured
by ELISA, FIG. 3C), several sepsis surrogate markers (e.g.,
1IL-6, GRO/KC, IL-8, MCP-1, and RANTES), as well as a
cytoprotective peptide, EGF (41, 111-114) (FIG. 3D). How-
ever, most of these inflammatory mediators (e.g., IL-6, IL-8,
EGF and KC) were unable to induce HMGBI1 release in
vitro (data not shown), eliminating their potential involve-
ment in the regulation of HMGB 1 release during sepsis.

Overall, there is a >95-98% amino acid sequence homol-
ogy between members of the human or murine SAA fami-
lies, and a >75% identity across human and murine families
(FIG. 4A), making it seemingly difficult to distinguish
between different SAA members by immunoassays. Indeed,
the polyclonal antibodies raised against human SAA cross-
reacted with both human SAA and SAA1 on Western blots
(FIG. 4B, bottom panel). Intriguingly, our rabbit anti-
HMGBI1 IgGs “specifically” recognized human SAA, but
not SAA1, on Western blots (FIG. 4B), implicating a pos-
sibility of selectively immunodetecting human SAA with
appropriate antibodies. Despite the overwhelming sequence
identity between human SAA and SAA1 (FIG. 4A), their
capacities in stimulating HMGB1 release were surprisingly
distinct. At physiologically relevant concentrations (1-10
png/ml), human SAA (Cat. No. 300-13, PeproTech) effec-
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tively induced HMGBI release in both murine macrophage
and human monocyte cultures (FIG. 4C). In a sharp contrast,
human SAA1 (Cat. No. 300-53, PeproTech) barely triggered
HMGBI release when given at essentially comparable con-
centrations (FIG. 4C).

Epitope mapping of SAA-neutralizing antibodies. To test
the possibility that antibodies or peptides antagonists target-
ing different SAA domains may divergently affect the out-
comes of LSI, SAA-specific antibodies were generated, and
the epitopes of these polyclonal 1gGs determined using a
peptide library (18-mer offset by 6) spanning the entire SAA
protein (FIG. 5A). Consistent with recent reports that SAA
autoantibodies were detected in both healthy individuals and
patients with various autoimmune diseases (115,116), it was
found that all rabbits produce small amounts of anti-SAA
autoantibodies (immunoreactive to human SAA and, fortu-
nately, not to murine SAA) prior to SAA immunization.
Following repetitive immunizations, the titers of anti-SAA
IgGs were dramatically elevated in most rabbits (e.g., R1
and R3). Notably, some SAA-specific antibodies signifi-
cantly attenuated SAA-induced HMGBI1 release in vitro
(FIG. 5B), whereas the anti-SAA-IgG-mediated inhibition
was impaired by pre-incubation with the P8 peptide (FIG.
5B). Interestingly, these SAA-neutralizing antibodies all
cross-reacted with the P8 peptide (FIG. 5C), suggest the
importance of domain specific neutralizing antibodies to
inhibit SAA-induced HMGBI release.

Anti-SAA antibodies protected mice against lethal endo-
toxemia and sepsis. To understand the role of SAA in lethal
systemic inflammatory diseases, the effect of SAA supple-
mentation or inhibition on animal survival was examined in
animal models of lethal endotoxemia and sepsis. Recombi-
nant SAA protein dramatically exacerbated LPS-induced
animal lethality (FIG. 6A), whereas repetitive administra-
tion of SAA-neutralizing IgGs (at +0.5 and +24 h after LPS)
promoted a significant protection against lethal endotoxemia
(FIG. 6B). Moreover, polyclonal IgGs targeting specific
SAA domains (e.g., the P7/P8 peptides) conferred signifi-
cant protection in a clinically relevant animal model of
CLP-induced sepsis (FIG. 6C), suggesting that dampening
undesired SAA functions may be beneficial during LSI.
Since “early” (such as TNF) and possibly even “intermedi-
ate” (such as SAA) cytokines may still be required for the
early innate immunity against infection, the abolition of the
SAA-mediated early host defense might still be detrimental
(117). Indeed, combinational administration of two MAbs
(mc29 and mc4; 1:1), given (50 mg/kg) prophylactically at
12 h before, and additionally (33 mg/kg) at 12 h after, CLP,
adversely reduced animal survival rates from 60% to 20%
(118).

To gain insight into the mechanism of SAA action, the
capacities of various SAA peptides was also explored in
their effect on SAA-induced HMGBI1 release. Consistent
with a previous report that a peptide corresponding to
residues 98-104 induced IFN-y production in T cells (109),
it was found that a peptide corresponding to residues 85-102
(i.e., the “P18” peptide; 50 pug/ml) elevated SAA (100
ng/ml)-induced HMGBI1 release by 2-3 folds. In a sharp
contrast, several peptides corresponding to residues 1-18
(the “P4” peptide, FIG. 7) or 25-42 (the “P8” peptide, data
not shown) dose-dependently inhibited SAA-induced
HMGB 1 release, suggesting that selective SAA domain-
specific peptides may be developed as antagonists to block
SAA-mediated HMGBI release.

To explore the therapeutic potential of SAA peptides, a
peptide library was synthesized that spanned a smaller
region of SAA. Notably, several smaller peptides specifi-
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cally corresponding to the murine SAA1 (but not human
SAA) P8 peptide antagonist significantly rescued mice from
lethal sepsis even when the first dose of peptides were given
at 20 h post the onset of sepsis (FIG. 8).

Generation and screening SAA peptide-reacting mono-
clonal antibodies: four fusion proteins were constructed that
each displayed of the 12 peptides shown in FIG. 9. (10-mer
sequences shown) on the surface of insoluble and highly
1o immunogenic molecules. These fusion proteins were

expressed, purified, and used to immunize mice to generate

hybridomas using standard procedures. Hybridoma cell cul-

ture supernatants were screened for cross-reactivity with

human or murine SAAs, and ability to inhibit SAA-induced
15 release of nitric oxide or G-CSF in macrophage cultures.
The data obtained is summarized in the Table 2.

5

TABLE 2

Characterization of mouse anti-SAA
peptide hvbridomas.

SAA-
neutralizing
Activity
| Nitric | G-

Peptide Reactivit

# Name Sequence HuSAAs MuSAAs Oxide CSF

8 Pm8-4 KNSDKYFHAR -
(SEQ ID

NO: 13)

++ 75% -

9 Pm8-5 DKYFHARGNY + -
(SEQ ID

NO: 14)

20 Ph8-3 ANYQNADQYF +
(SEQ ID

NO: 15)

++

22 Ph8-3 ANYQNADQYF + +
(SEQ ID
I NO: 15)

30 Pm8-5 DKYFHARGNY
(SEQ ID

NO: 14)

++ - 89% ++

31 Phl8-2 KNPNHFRPEG
(SEQ ID

NO: 16)

++ + 81%

45

32  Phl8-2 KNPNHFRPEG
(SEQ ID

NO: 16)

++

50
34 Phl8-2 KNPNHFRPEG + +
(SEQ ID

NO: 16)

84% -

35 Phl8-3 FRPEGLPEKY
(SEQ ID

NO: 17)

+++ ++

36 Phlg-3 FRPEGLPEKY
(SEQ ID

NO: 17)

++ +

38 Phl8-3 FRPEGLPEKY +
(SEQ ID

NO: 17)

81% ++

39 Phl8-3 FRPEGLPEKY + -
(SEQ ID

NO: 17)
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 35
<210> SEQ ID NO 1

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 1

Arg Glu Ala Asn Tyr Ile Gly Ser Asp Lys Tyr Phe His Ala Arg Gly
1 5 10 15

Asn Tyr

<210> SEQ ID NO 2
<211> LENGTH: 18
<212> TYPE: PRT

<213> ORGANISM: Mouse

<400> SEQUENCE: 2

Lys Glu Ala Asn Trp Lys Asn Ser Asp Lys Tyr Phe His Ala Arg Gly
1 5 10 15

Asn Tyr

<210> SEQ ID NO 3

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

Arg Ser Phe Phe Ser Phe Leu Gly Glu Ala Phe Asp Gly Ala Arg Asp
1 5 10 15

Met Trp

<210> SEQ ID NO 4

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Gly Phe Phe Ser Phe Val His Glu Ala Phe Gln Gly Ala Gly Asp Met
1 5 10 15

Trp Arg

<210> SEQ ID NO 5

<211> LENGTH: 6

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

Asn Ser Asp Lys Tyr Phe
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-continued

34

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Asn Trp Lys Asn
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Lys Glu Ala Asn
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Lys Tyr Phe His
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

His Ala Arg Gly
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Arg Glu Ala Asn
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Asn Tyr Ile Gly
1

<210> SEQ ID NO
<211> LENGTH: 6
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Gly Ser Asp Lys
1

Homo sapiens
6

Ser Asp

Homo sapiens
7

Trp Lys

Homo sapiens
8

Ala Arg
5

Homo sapiens
9

Asn Tyr

10

Homo sapiens
10

Tyr Ile

11

Homo sapiens
11

Ser Asp

12

Homo sapiens
12

Tyr Phe
5
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-continued
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<210> SEQ ID NO 13

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Lys Asn Ser Asp Lys Tyr Phe His Ala Arg
1 5 10

<210> SEQ ID NO 14

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Asp Lys Tyr Phe His Ala Arg Gly Asn Tyr
1 5 10

<210> SEQ ID NO 15

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

Ala Asn Tyr Gln Asn Ala Asp Gln Tyr Phe
1 5 10

<210> SEQ ID NO 16

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 16
Lys Asn Pro Asn His Phe Arg Pro Glu Gly

1 5 10

<210> SEQ ID NO 17

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 17
Phe Arg Pro Glu Gly Leu Pro Glu Lys Tyr

1 5 10

<210> SEQ ID NO 18

<211> LENGTH: 127

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 18

Met Lys Leu Leu Thr Gly Leu Val Phe Cys Ser Leu Val Leu Gly Val
1 5 10 15

Ser Ser Arg Ser Phe Phe Ser Phe Leu Gly Glu Ala Phe Asp Gly Ala
20 25 30

Arg Asp Met Trp Arg Ala Tyr Ser Asp Met Arg Glu Ala Asn Tyr Ile
35 40 45

Gly Ser Asp Lys Tyr Phe His Ala Arg Gly Asn Tyr Asp Ala Ala Lys
50 55 60

Arg Gly Pro Gly Gly Val Trp Ala Ala Glu Ala Ile Ser Asn Ala Arg
65 70 75 80

Glu Asn Ile Gln Arg Glu Asn Ile Gln Arg Phe Phe Gly Arg Gly Ala
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-continued

85 90 95

Glu Asp Ser Leu Ala Asp Gln Ala Ala Asn Glu Trp Gly Arg Ser Gly
100 105 110

Lys Asp Pro Asn His Phe Arg Phe Ala Gly Leu Pro Glu Lys Tyr
115 120 125

<210> SEQ ID NO 19

<211> LENGTH: 104

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 19

Arg Ser Phe Phe Ser Phe Leu Gly Glu Ala Phe Asp Gly Ala Arg Asp
1 5 10 15

Met Trp Arg Ala Tyr Ser Asp Met Arg Glu Ala Asn Tyr Ile Gly Ser
20 25 30

Asp Lys Tyr Phe His Ala Arg Gly Asn Tyr Asp Ala Ala Lys Arg Gly
35 40 45

Pro Gly Gly Ala Trp Ala Ala Glu Val Ile Ser Asn Ala Arg Glu Asn
50 55 60

Ile Gln Arg Leu Thr Gly Arg Gly Ala Glu Asp Ser Leu Ala Asp Gln
65 70 75 80

Ala Ala Asn Lys Trp Gly Arg Ser Gly Arg Asp Pro Asn His Phe Arg
85 90 95

Pro Ala Gly Leu Pro Glu Lys Tyr
100

<210> SEQ ID NO 20

<211> LENGTH: 107

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 20

Arg Ser Phe Phe Ser Phe Leu Gly Glu Ala Phe Asp Gly Ala Arg Asp
1 5 10 15

Met Trp Arg Ala Tyr Ser Asp Met Arg Glu Ala Asn Tyr Ile Gly Ser
Asp Lys Tyr Phe His Ala Arg Gly Asn Tyr Asp Ala Ala Lys Arg Gly
35 40 45

Pro Gly Gly Val Trp Ala Ala Glu Ala Ile Ser Asp Ala Arg Glu Asn
50 55 60

Ile Gln Arg Phe Phe Gly His Gly Ala Glu Asp Ser Leu Ala Asp Gln

Ala Ala Asn Glu Trp Gly Arg Ser Gly Lys Ser Gly Lys Asp Pro Asn
85 90 95

His Phe Arg Pro Ala Gly Leu Ser Glu Lys Tyr

100 105

<210> SEQ ID NO 21

<211> LENGTH: 104

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

Arg Ser Phe Phe Ser Phe Leu Gly Glu Ala Phe Asp Gly Ala Arg Asp
1 5 10 15

Met Trp Arg Ala Tyr Ser Asp Met Arg Glu Ala Asn Tyr Ile Gly Ser
20 25 30
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Asp Lys Tyr Phe His Ala Arg Gly Asn Tyr Asp Ala Ala Lys Arg Gly
35 40 45

Pro Gly Gly Val Trp Ala Ala Glu Ala Ile Ser Asn Ala Arg Glu Asn
50 55 60

Ile Gln Arg Phe Phe Gly Arg Gly Ala Glu Asp Ser Leu Ala Asp Gln
65 70 75 80

Ala Ala Asn Glu Trp Gly Arg Ser Gly Lys Asp Pro Asn His Phe Arg
85 90 95

Pro Ala Gly Leu Ser Glu Lys Tyr
100

<210> SEQ ID NO 22

<211> LENGTH: 103

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 22

Gly Phe Phe Ser Phe Val His Glu Ala Phe Gln Gly Ala Gly Asp Met
1 5 10 15

Trp Arg Ala Tyr Thr Asp Met Lys Glu Ala Asn Trp Lys Asn Ser Asp
20 25 30

Lys Tyr Phe His Ala Arg Gly Asn Tyr Asp Ala Ala Gln Arg Gly Pro
35 40 45

Gly Gly Val Trp Ala Ala Glu Lys Ile Ser Asp Gly Arg Glu Ala Phe
50 55 60

Gln Glu Phe Phe Gly Arg Gly His Glu Asp Thr Ile Ala Asp Gln Glu
65 70 75 80

Ala Asn Arg His Gly Arg Ser Gly Lys Asp Pro Asn Tyr Tyr Arg Pro
85 90 95

Pro Gly Leu Pro Asp Lys Tyr
100

<210> SEQ ID NO 23

<211> LENGTH: 103

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 23

Gly Phe Phe Ser Phe Ile Gly Glu Ala Phe Gln Gly Ala Gly Asp Met
1 5 10 15

Trp Arg Ala Tyr Thr Asp Met Lys Glu Ala Gly Trp Lys Asp Gly Asp
20 25 30

Lys Tyr Phe His Ala Arg Gly Asn Tyr Asp Ala Ala Gln Arg Gly Pro
35 40 45

Gly Gly Val Trp Ala Ala Glu Lys Ile Ser Asp Ala Arg Glu Ser Phe
50 55 60

Gln Glu Phe Phe Gly Arg Gly His Glu Asp Thr Met Ala Asp Gln Glu
65 70 75 80

Ala Asn Arg His Gly Arg Ser Gly Lys Asp Pro Asn Tyr Tyr Arg Pro
85 90 95

Pro Gly Leu Pro Ala Lys Tyr
100

<210> SEQ ID NO 24

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Mus musculus
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-continued
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<400> SEQUENCE: 24

Arg Ala Tyr Thr Asp
1 5

<210> SEQ ID NO 25
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Mus

<400> SEQUENCE: 25

Met Lys Glu Ala Asn
1 5

<210> SEQ ID NO 26
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Mus

<400> SEQUENCE: 26

Ala Asn Trp Lys Asn
1 5

<210> SEQ ID NO 27
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Mus

<400> SEQUENCE: 27

Lys Asn Ser Asp Lys
1 5

<210> SEQ ID NO 28
<211> LENGTH: 10
<212> TYPE: PRT
<213> ORGANISM: Mus

<400> SEQUENCE: 28
Asp Lys Tyr Phe His

1 5

<210> SEQ ID NO 29
<211> LENGTH: 10
<212> TYPE: PRT

Met Lys Glu Ala Asn
10

musculus

Trp Lys Asn Ser Asp
10

musculus

Ser Asp Lys Tyr Phe
10

musculus

Tyr Phe His Ala Arg
10

musculus

Ala Arg Gly Asn Tyr
10

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 29

Trp Gly Arg Ser Gly
1 5

<210> SEQ ID NO 30
<211> LENGTH: 10
<212> TYPE: PRT

Lys Asn Pro Asn His
10

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 30

Phe Arg Pro Glu Gly
1 5

<210> SEQ ID NO 31
<211> LENGTH: 10
<212> TYPE: PRT

Leu Pro Glu Lys Tyr
10

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 31
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-continued

Arg Ala Tyr Arg Asp Asn Leu Glu Ala Asn
1 5 10

<210> SEQ ID NO 32

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 32

Asp Asn Leu Glu Ala Asn Tyr Gln Asn Ala
1 5 10

<210> SEQ ID NO 33

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 33

Ala Asn Tyr Gln Asn Ala Asp Gln Tyr Phe
1 5 10

<210> SEQ ID NO 34

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 34

Asn Ala Asp Gln Tyr Phe Tyr Ala Arg Gly
1 5 10

<210> SEQ ID NO 35

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 35

Lys Asn Pro Asn His Phe Arg Pro Glu Gly
1 5 10

What is claimed is:

1. A method of treating sepsis or endotoxemia in a subject,
comprising administering to the subject an amount of a
composition comprising an isolated non-naturally occurring
peptide of 6 to 18 consecutive amino acids consisting of (i)
6 to 18 consecutive amino acids of SEQ ID NO:1, (ii) 6 to
18 consecutive amino acids of SEQ ID NO:2, (iii) 6 to 18
consecutive amino acids of SEQ ID NO:3, or (iv) 6 to 18
consecutive amino acids of SEQ ID NO:4, but not consisting
of SEQ ID NO:10, 11 or 12, or (v) a fusion protein
comprising such peptide set forth in (i), (i), (iil) or (iv)
which is bound to a functional domain of a second peptide,
polypeptide or protein, effective to treat sepsis or endotox-
emia.

2. The method of claim 1, wherein the composition
comprising the fusion protein is administered.

3. The method of claim 1, wherein the composition
comprising the isolated peptide is administered.

4. The method of claim 1, wherein the peptide comprises
SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8
or SEQ ID NO:9.

5. The method of claim 1, wherein the peptide comprises
SEQ ID NO:5.

6. The method of claim 1, wherein all amino acid residues
of the peptide are D-amino acids.
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7. The method of claim 1, wherein all amino acid residues
of the peptide are L-amino acids.

8. The method of claim 1, wherein the composition
comprising a carrier is administered.

9. The method of claim 8, wherein the carrier is a
pharmaceutically acceptable carrier.

10. The method of claim 1, wherein the fusion protein
comprises the isolated peptide bonded via a peptide bond at
an N-terminal thereof or a C-terminal thereof to a second
peptide, polypeptide or protein.

11. The method of claim 10, wherein the isolated peptide
is bonded via a peptide bond at an N-terminal thereof or a
C-terminal thereof to the immunoglobulin fragment crystal-
lizable region (Fc).

12. The method of claim 11, wherein the Fc has a
sequence identical to a human Fec.

13. A method of increasing likelihood of a subject sur-
viving sepsis or endotoxemia, comprising administering to
the subject an amount of a composition comprising an
isolated non-naturally occurring peptide of 6 to 18 consecu-
tive amino acids consisting of (i) 6 to 18 consecutive amino
acids of SEQ ID NO:1, (ii) 6 to 18 consecutive amino acids
of SEQ ID NO:2, (iii) 6 to 18 consecutive amino acids of
SEQ ID NO:3, or (iv) 6 to 18 consecutive amino acids of
SEQ ID NO:4, but not consisting of SEQ ID NO:10, 11 or
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12, or (v) a fusion protein comprising such peptide set forth
in (i), (i1), (iii) or (iv) which is bound to a functional domain
of a second peptide, polypeptide or protein, effective to
increase likelihood of a subject surviving sepsis or endo-
toxemia.
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